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INTRODUCTION
Among h e t e r o c y c l i c  n i t r o g e n  compounds  i m i d a z o l e  ( I )  i s  t h e  o n l y  
one  t h a t  h a s  b o t h  a n  a c i d i c  n i t r o g e n  a n d  a b a s i c  n i t r o g e n .  T hese  
p r o p e r t i e s  r e s e m b l e  t h e  p r o p e r t i e s  o f  o t h e r  r i n g  s y s t e m s  t o  t h e  e x t e n t
t h a t  t h e  h e t e r o n i t r o g e n s  o f  i m i d a z o l e  a r e  o f t e n  r e f e r r e d  t o  a s  t h e  
p y r r o l e  n i t r o g e n  and  t h e  p y r i d i n e  n i t r o g e n .  I t  i s  t h e r e f o r e  n o t  u n u s u a l  
t o  o b s e r v e  i m i d a z o l e s  u n d e r g o i n g  r e a c t i o n s  p e c u l i a r  t o  b o t h  p y r i d i n e  and  
p y r r o l e .  I t  i s  p o s s i b l e  t h a t  i m i d a z o l e  c o u l d  b e  c a u s e d  t o  r e a c t  l i k e  
e i t h e r  p y r i d i n e  o r  p y r r o l e  b y  a d j u s t i n g  t h e  r e a c t i o n  c o n d i t i o n s .
Partial bromination of imidazole in glacial acetic acid proceeds to





r e a g e n t s  a r e  u s e d  i n  t h e  p r e s e n c e  o f  b a s e ,  t h e  p r o d u c t  i s  t h e  2 - s u b s t i -
t u t e d  i m i d a z o l e . 2 , 3 I f  s u f f i c i e n t l y  s t r o n g  b a s e  i s  u s e d  t o  c o n v e r t  t h e
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I I  I I I
The r e a c t i v i t y  o f  t h e  2 a n d  t h e  4 - s u b s t i t u t e d  i m i d a z o l e s  h a s  b e e n  
i n v e s t i g a t e d ,  b u t  n o t  e x t e n s i v e l y .  B rom ine  i n  t h e  4 - p o s i t i o n  i s  s t a b l e  
t o  b o i l i n g  s u l f i t e  s o l u t i o n ,  w h i l e  t h e  b r o m i n e  i n  t h e  2 - p o s i t i o n  i s  d i s ­
p l a c e d  by h y d r o g e n .  W i th  t h e  i o d o  d e r i v a t i v e s  t h e  o p p o s i t e  i s  t r u e ;  t h e  
4 - i o d i n e  i s  d i s p l a c e d  b y  s u l f i t e ,  b u t  t h e  2 - i o d i n e ^  i s  n o t .  A t t e m p t s  t o  
r e p l a c e  i o d i n e  i n  t h e  2 - p o s i t i o n  w i t h  b r o m i n e  o r  am ine  u n d e r  n e u t r a l  o r  
b a s i c  c o n d i t i o n s  a t  e l e v a t e d  t e m p e r a t u r e s  r e s u l t s  i n  r e c o v e r y  o f  s t a r t i n g  
m a t e r i a l s .  W h i l e  t h e  i o d i n e  d o e s  n o t  a p p e a r  t o  b e  r e a c t i v e  u n d e r  t h e s e  
c o n d i t i o n s ,  t h e  2 -b rom o  h a s  b e e n  o b s e r v e d  t o  u n d e r g o  a r e p l a c e m e n t  r e ­
a c t i o n .  D u r i n g  t h e  r e m o v a l  o f  a  4 - c a r b o x a n i l i d e  o f  2 , 5 - d i b r o m o i m i d a z o l e s  
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  2 , 5 - d i c h l o r o i r a i d a z o l e  was f o r m e d . ^  
When t h e  a n a l o g o u s  r e a c t i o n  was  a t t e m p t e d  u s i n g  c o n c e n t r a t e d  h y d r o b r o m i c  
a c i d  on 2 - i o d o - 4 - m e t h y l i m i d a z o l e  ( I V ) ,  o n l y  4 - m e t h y l i m i d a z o l e  c o u l d  be  
i s o l a t e d . 7 I t  a p p e a r s  t h a t  2 - i o d o - 4 - m e t h y l i r a i d a z o l e  i s  f i r s t  p r o t o n a t e d  
t o  t h e  i m i d a z o l i u m  i o n  (V ) ,  w h i c h  t h e n  u n d e r g o e s  an  i n t r a m o l e c u l a r  d i s ­
p l a c e m e n t  o f  t h e  i o d i n e  s i m i l a r  t o  t h e  p o s t u l a t e d  m e ch an is m  o f  i o d i n a t i o n  
i n  t h e  2 - p o s i t i o n .  T h i s  d i f f e r e n c e  i n  r e a c t i v i t y  b e t w e e n  b r o m i n e  and
H
H3 C / ^ ^  N
- 1+ H + 1 +
IV II
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i o d i n e  i s  p r o b a b l y  due  t o  t h e  a b i l i t y  o f  t h e  i o d i n e  t o  t a k e  on a p o s i ­
t i v e  c h a r g e  a s  a l e a v i n g  g r o u p ,  w h ic h  b r o m i n e  w o u ld  be  l e s s  p r o n e  t o  
d o .
D i s p l a c e m e n t  r e a c t i o n s  on  a r o m a t i c  compounds  o f  e i t h e r  o f  t h e  
a b o v e  t y p e s  a r e  u n u s u a l  e x c e p t  i n  t h e  n i t r o  s u b s t i t u t e d  h a l o - a r o m a t i c s . 
I t  w o u ld  b e  o f  i n t e r e s t  t h e r e f o r e  t o  e x p l o r e  t h e  r e a c t i o n s  o f  t h e  2 - h a l o  
i m i d a z o l e s  f o r  m e c h a n i s t i c  a s  w e l l  a s  p r e p a r a t i v e  p u r p o s e s .
S u b s t i t u t i o n  i n  t h e  2 - p o s i t i o n  o f  i m i d a z o l e  h a s  a  more p r o f o u n d  
i n f l u e n c e  on t h e  p r o p e r t i e s  o f  t h e  m o l e c u l e  t h a n  s u b s t i t u t i o n  i n  t h e  
4 - o r 5 - p o s i t i o n .  T h i s  i s  m o s t  n o t i c e a b l e  i n  a c i d i t y  m e a s u r e m e n t s ,  b u t
Q
i s  a l s o  e v i d e n c e d  i n  t h e  p h y s i c a l  p r o p e r t i e s .
W i t h i n  r e c e n t  y e a r s ,  n u m e ro u s  s i m p l y  s u b s t i t u t e d  i m i d a z o l e s  h a v e  
shown d i v e r s e  b i o l o g i c a l  a c t i v i t y .  I m i d a z o l e  ( I )  i t s e l f  h a s  b e e n  shown 
t o  be  a p o t e n t  p e s t i c i d e  f o r  c r o p s  and  m o t h p r o o f i n g , ^  w h i l e  p h o s p h o r o u s  
s u b s t i t u t e d  i m i d a z o l e s  (V I )  h a v e  b e e n  shown t o  be  e f f e c t i v e  f u n g i c i d e s . 
One o f  t h e  b i o l o g i c a l l y  a c t i v e  i m i d a z o l e s ,  Azomycin  ( V I I ) ,  i s  an  e f f e c ­
t i v e  a n t i b a c t e r i a l  a g e n t  a n d  s e r v e d  a s  t h e  p r o t o t y p e  f o r  a n t i t r i c h o m o n i -
11c i d e s  w h i c h  e v e n t u a l l y  l e d  t o  m e t r o n i d a z o l e  ( V I I I ) .  O r i g i n a l l y  t h i s
s t u d y  e n v i s i o n e d  s y n t h e s i s  o f  A zom yc in ,  b u t  i t s  s y n t h e s i s  was a c h i e v e d  
N (a lk y l)2
R -  P - X
V I I
1 9
d u r i n g  t h e  i n t e r i m .
A n o t h e r  i m i d a z o l e  o f  i n t e r e s t  i s  h i s t i d i n e .  ( IX)  The m e t a b o l i s m  
o f  h i s t i d i n e  r e s u l t s  i n  t h e  c o n v e r s i o n  o f  t h e  i m i d a z o l e  c a r b o n - 2  i n t o  
• ' a c t i v e  f o r m a t e "  w h i c h  t h e  body  u s e s  t o  s y n t h e s i z e  o n e - c a r b o n  f r a g m e n t s
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i n  nil' l e o s l d e s .  I t  h a s  b e e n  s p e c u l a t e d  b y  w o r k e r s  i n  H. W e i s m a n ' s  
g r o u p  t h a t  h i s t i d i n e  s u b s t i t u t e d  i n  t h e  2 - p o s i t i o n  o f  t h e  i m i d a z o l e  
r i n g  m i g h t  b e  much more  e f f e c t i v e  a n t i - l e u k e m i c  a g e n t  t h a n  m e t h o t r o x a t e . 
P r e s u m a b l y  2 - s u b s t i t u t e d  h i s t i d i n e  w o u ld  b l o c k  t h e  m e t a b o l i s m  o f  h i s t i d i n e  
a t  some s t a g e  e a r l i e r  t h a n  d o e s  f o l i c  a c i d .  I f  m e th o d s  f o r  s y n t h e s i s  o f  
2 - h a l o  compounds  a r e  s u c c e s s f u l ,  t h e y  w i l l  h o p e f u l l y  be  a p p l i e d  t o  h i s ­
t i d i n e .
02N ___
CH2-CH2-OH
H2 N H 
H O -C -C -i;i I i
0  H H
V I I I  IX
F i n a l l y ,  b o t h  a p h y s i o l o g i c a l  and  a c h e m i c a l  p r o p e r t y  o f  i m i d a z o l e  
i s  i t s  r o l e  i n  c a t a l y t i c  h y d r o l y s i s  o f  e s t e r s .  I t  i s  now g e n e r a l l y  
a c c e p t e d  t h a t  t h e  h y d r o l y t i c  a c t i v i t y  o f  many enzym es  i s  d e p e n d e n t  u p o n  
t h e  i m i d a z o l e  m o i e t y  o f  h i s t i d i n e .  I m i d a z o l e  i t s e l f  e x e r t s  c a t a l y t i c  
a c t i v i t y  s i m i l a r  t o  t h e s e  e n z y m e s ,  s o  i t  w o u ld  be  o f  i n t e r e s t  t o  t e s t  
t h e  e f f e c t  o f  2 s u b s t i t u t e d  i m i d a z o l e s  a s  c a t a l y s t s .  W h i l e  i t  i s  
p o s s i b l e  t h a t  t h e  2 - c h l o r o  a n d  2 - f l u o r o  i m i d a z o l e s  m i g h t  show a c t i v i t y  
s i m i l a r  t o  t h a t  o f  A zom yc in ,  t h e r e  a r e  many b i o l o g i c a l  a c t i o n s  o f  s i m p l y  
s u b s t i t u t e d  i m i d a z o l e s  t h a t  c o u l d  p r o v e  i n t e r e s t i n g  i f  t h e s e  compounds  
c o u l d  be  s y n t h e s i z e d .
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D ISC U SSIO N
Bromination
I m i d a z o l e  u n d e r g o e s  b r o m i n a t i o n  w i t h  t h e  f o r m a t i o n  o f  a t r i b r o m o  
d e r i v a t i v e .  T h i s  e x t r e m e  r e a c t i v i t y  o f  i m i d a z o l e  t o w a r d s  b r o m i n a t i o n  
i s  a  d i r e c t  m e a s u r e  o f  t h e  num ber  o f  f r e e  met h i n e  g r o u p s . ^  I t  h a s  b e e n  
o b s e r v e d  t h a t  t h e  r a t e  o f  b r o m i n a t i o n  i n  t h e  4 ( o r  5)  p o s i t i o n  e x c e e d s
O
t h a t  i n  t h e  2 - p o s i t i o n .  I t  i s  d i f f i c u l t  t o  o b t a i n  2 - b r o m o i m i d a z o l e  
w i t h o u t  t h e  h e l p  o f  b l o c k i n g  g r o u p s  a t  4 a n d  5 p o s i t i o n s  b e c a u s e  t h e  
r a t e  o f  b r o m i n a t i o n  a t  4 a n d  5 p o s i t i o n s  i s  e x t r e m e l y  f a s t .  K in g  and  
Murch^ w e re  a b l e  t o  p r e p a r e  2 - b r o m o i m i d a z o l e  b y  b r o m i n a t i n g  4 - i m i d a z o l e -  
c a r b o x a n i l i d e  ( X ) .
2Br .
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4 - i m i d a z o l e c a r b o x a n i l i d e  was b r o m i n a t e d  i n  g l a c i a l  a c e t i c  a c i d  
w i t h  t h e  f o r m a t i o n  o f  a  m i x t u r e  o f  e q u a l  p a r t s  o f  4 - i m i d a z o l e c a r b o x y l i c  
a c i d  £ - b r o m o a n i l i d e  (XI)  and  2 , 4 - d i b r o m o - 5 - i m i d a z o l e c a r b o x y l i c  a c i d  £ -  
b r o m o a n i l i d e  ( X I I ) ,  a l o n g  w i t h  a  s m a l l  q u a n t i t y  o f  4 - b r o m o - 5 - i m i d a z o l e -  
c a r b o x y l i c  a c i d  £ - b r o m o a n i l i d e  ( X I I I ) .  2 , 4 - D i b r o m o - 5 - i r a i d a z o l e c a r b o x y l i c  
a c i d  £ - b r o m o a n i l i d e  ( X I I )  was  h y d r o l y z e d  w i t h  h y d r o g e n  b r o m i d e  a t  150°  
w i t h  t h e  f o r m a t i o n  o f  £ - b r o m o a n i l i n e  (X V I) ,  2 , 4 - d i b r o m o i m i d a z o l e  (XIV) 
a n d  u n e x p e c t e d l y  2 - b r o m o i m i d a z o l e  (XV).
A c c o r d i n g  t o  l i t e r a t u r e ,  t h i s  i s  t h e  o n l y  m e thod  a v a i l a b l e  f o r  t h e
13p r e p a r a t i o n  o f  2 - b r o m o i m i d a z o l e  (XV). D i f f e r e n t  m e th o d s  f o r  t h e  p r e p a ­
r a t i o n  o f  2 - b r o m o i m i d a z o l e  w e re  i n v e s t i g a t e d  b e c a u s e  o f  t h e  l a c k  o f  
p r o p e r  e q u i p m e n t  and  t h e  d i f f i c u l t y  i n  h y d r o l y z i n g  a n i l i d e s  w i t h  h y d r o g e n  
b r o m i d e  a t  1 5 0 ° .  B r o m i n a t i o n  o f  i m i d a z o l e  a t  2 - p o s i t i o n  may be  a c h i e v e d  
i f  4  a n d  5 p o s i t i o n s  o f  i m i d a z o l e  a r e  o c c u p i e d  by  b l o c k i n g  g r o u p s .
B a x t e r  and  S p r i n g ^ ^  p r e p a r e d  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (XVII)  
by  d i s s o l v i n g  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  ( X V I I I )  i n  c o n c e n t r a t e d  s u l ­
f u r i c  a c i d  and  p o u r i n g  t h e  s o l u t i o n  i n t o  d r y  m e t h a n o l .  T h e s e  i n v e s t i ­
g a t o r s  s u c c e e d e d  i n  p r e p a r i n g  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (XVII)  
b y  p a s s i n g  d r y  h y d r o g e n  c h l o r i d e  i n t o  t h e  s u s p e n s i o n  o f  4 , 5 - i m i d a z o l e d i ­
c a r b o x y l a t e  w e re  i n v e s t i g a t e d  b e c a u s e  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  
c o u l d  n o t  b e  i s o l a t e d  i n  t h e  s u l f u r i c  a c i d  m e th o d ,  and  h y d r o g e n  c h l o r i d e  
was n o t  r e a d i l y  a v a i l a b l e .
Tamamushi^^  s u c c e e d e d  i n  p r e p a r i n g  2 - m e t h y 1 - i m i d a z o l e - 4 , 5 - d i c a r b o x y -  
l i c  a c i d  5 - c h l o r i d e  b y  h e a t i n g  2 - m e t h y l - i m i d a z o l e - 4 , 5 - d i c a r b o x y l i c  a c i d  
w i t h  p h o s p h o r o u s  p e n t a c h l o r i d e  d i s s o l v e d  i n  p h o s p h o r o u s  o x y c h l o r i d e .
E ven  t h o u g h  Tamamushi  d i d  n o t  m e n t i o n  t h e  p r e p a r a t i o n  o f  d i a c i d  c h l o r i d e  
o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  (X IX ) ,  a  m e th o d  was i n v e s t i g a t e d  f o r
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t h e  p r e p a r a t i o n  o f  d i a c i d  c h l o r i d e  o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d ,  




+  OXCI2 CH3 OH
H g C O -h
H q C O -C ,  J  n 
0
X V II I  XIX XVII
O x a l y l  c h l o r i d e  was  a l l o w e d  t o  d r i p  s l o w l y  i n t o  a s u s p e n s i o n  o f
4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  ( X V I I I )  i n  e t h e r .  The e x c e s s  o x a l y l  
c h l o r i d e  was  removed  b y  d i s t i l l a t i o n  a f t e r  t h e  a d d i t i o n  o f  e t h e r  and  
b e n z e n e .  M e t h a n o l  was a d d e d  t o  f o r m  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e . 
C o n c e n t r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  u n d e r  r e d u c e d  p r e s s u r e  g a v e  
u n r e a c t e d  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d .  ( X V I I I ) .
E s t é r i f i c a t i o n  o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  w i t h  d i a z o m e t h a n e  
was a l s o  i n v e s t i g a t e d .  B a x t e r  and  S p r i n g  e x p o s e d  4 , 5 - i m i d a z o l e d i c a r b o x y ­

















4 , 5 - i m i d a z o l e d i c a r b o x y l a t e ,  w h i c h  t h e y  o b t a i n e d  i n  am orphous  f o r m .
D i a z o m e t h a n e ^ ^  w h i c h  was  p r e p a r e d  a n d  a l l o w e d  t o  p a s s  d i r e c t l y  i n t o  
t h e  s o l u t i o n  o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  i n  f o r m a m i d e . Formamide  
was  s e l e c t e d  a s  a s o l v e n t  i n  p l a c e  o f  e t h e r  t o  a v o i d  t h e  f o r m a t i o n  o f  
t h e  1 - m e t h y l  d e r i v a t i v e .  At t h e  end  o f  t h e  r e a c t i o n ,  t h e  s o l u t i o n  was
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e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  N e i t h e r  m e t h y l  4 , 5 -  
i m i d a z o l e d i c a r b o x y l a t e  n o r  m e t h y l  1 - m e t h y 1 - 4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  
■were i s o l a t e d .
M e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  was f i n a l l y  p r e p a r e d  by  p a s s i n g
d r y  h y d r o c h l o r i c  a c i d  i n t o  t h e  s u s p e n s i o n  o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c
a c i d  i n  b o i l i n g  m e t h a n o l .
17Pyman and  Timmus p r e p a r e d  4 - m e t h y l - 2 - b r o m o i m i d a z o l e  ( I I I )  b y  b r o ­
m i n a t i n g  e t h y l  4 - m e t h y 1 - 5 - i m i d a z o l e c a r b o x y l a t e  (XX) and  e l i m i n a t i n g  t h e  
c a r b e t h o x y  g r o u p  b y  h y r o l y s i s  and  d e c a r b o x y l a t i o n .
EtO-
XX I I I
I t  was  a s s u m e d  t h a t ,  u s i n g  s i m i l a r  e x p e r i m e n t a l  c o n d i t i o n s ,  
2 - b r o m o i m i d a z o l e  (XV) c o u l d  b e  p r e p a r e d  by b r o m i n a t i n g  m e t h y l  4 , 5 - i m i d a ­
z o l e d i c a r b o x y l a t e  a n d  e l i m i n a t i n g  c a r b o m e t h o x y  g r o u p  by  h y d r o l y s i s  and  
d e c a r b o x y l a t i o n ,
An a t t e m p t  was  made t o  p r e p a r e  2 - b r o m o - 4 , 5 - d i m e t h y l i m i d a z o l e d i -  
c a r b o x y l a t e  (XXI) u n d e r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  u s e d  by  Pyman and  
T i m m u s f o r  t h e  p r e p a r a t i o n  o f  e t h y l  4-me t h y 1 - 2 -b rom o  i m i d a z o l e c a r b o x y -  
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A s o l u t i o n  o f  b r o m i n e  i n  c h l o r o f o r m  was  a l l o w e d  t o  d r i p  s l o w l y  i n t o  
s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  i n  c h l o r o f o r m .  The e x ­
c e s s  o f  c h l o r o f o r m  and  b r o m i n e  w ere  removed n a d e r  r e d u c e d  p r e s s u r e  and  
t h e  r e s i d u e  was t r e a t e d  w i t h  a l i m i t e d  q u a n t i t y  o f  a q u e o u s  s o d iu m  c a r ­
b o n a t e .  The 2 - b r o m o - 4 , 5 - d i e m t h y l i r a i d a z o l e d i c a r b o x y l a t e  f a i l e d  t o  c r y s t a -  
l i z e  o u t  o f  t h e  s o l u t i o n .  I n  s p i t e  o f  r e f e r e n c e s  on  e a s e  o f  b r o m i n a t i o n  
o f  i m i d a z o l e s  o n l y  u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (X V II)  
was i s o l a t e d .
B r o m i n a t i o n  was a l s o  c a r r i e d  o u t  i n  g l a c i a l  a c e t i c  a c i d  s i m i l a r  t o  
t h e  c o n d i t i o n s  K in g  and Murch^ u s e d  f o r  t h e  p r e p a r a t i o n  o f  2 - b r o m o i m i d a ­
z o l e .  B rom ine  i n  g l a c i a l  a c e t i c  a c i d  was a l l o w e d  t o  d r i p  i n t o  t h e  s o l u ­
t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  i n  g l a c i a l  a c e t i c  a c i d .  A f t e r  
t h e  r e a c t i o n  m i x t u r e  was  w o rk e d  u p ,  s t a r t i n g  m a t e r i a l  a n d  a n  u n i d e n t i ­
f i e d  gummy r e s i d u e  was r e c o v e r e d .
I n  c o n t r a s t  t o  b r o m i n a t i o n ,  i n  w h i c h  t h e  4 - a n d  5 - p o s i t i o n s  a r e  
a t t a c k e d ,  i o d i n a t i o n  p r e d o m i n a t e l y  t a k e s  p l a c e  a t  2 - p o s i t i o n  o f  i m i d a ­
z o l e .  B r u n n i n g s ^  p o s t u l a t e d  t h a t  i o d i n a t i o n  i n  t h e  2 - p o s i t i o n  o c c u r r e d  
w i t h  p o s i t i v e  i o d i n e  t h r o u g h  r e a r r a n g e m e n t  o f  t h e  1 - ( N ) i o d o - i n t e r m e d i a t e  
( X X I I ) . A s i m i l a r  b e h a v i o r  h a s  b e e n  o b s e r v e d  i n  t h e  c a s e  o f  l - ( N ) m e t h y l -  
i m i d a z o l e ,  w h ic h  a l s o  u n d e r g o e s  a  r e a r r a n g e m e n t  t o  2 - m e t h y l - i m i d a z o l e
( X V I I I ) .
H +  HoO
XXIÏ
I n t e r  o r
I n t r a m o l e c u l a r
R e a r r a n g e m e n t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
I f  B r u n n i n g ' s  h y p o t h e s i s  o f  p o s i t i v e  i o d i n e  e n t e r i n g  t h e  1 - p o s i t i o n  
o f  i m i d a z o l e  i s  t r u e ,  a p o s i t i v e  b r o m i n e  s h o u l d  a l s o  e n t e r  t h e  1 - p o s i ­
t i o n  i n i t i a l l y .  T h i s  s u g g e t s  t h a t  b r o m i n a t i o n  i n  t h e  2 - p o s i t i o n  t h r o u g h  
t h e  N - h a l o  i n t e r m e d i a t e  m i g h t  be  p o s s i b l e .
An a t t e m p t  was  made t o  b r o m i n a t e  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  w i t h  
N - b r o m o s u c c i n i m i d e . N - B r o m o s u c c i n i m i d e  i n  c a r b o n  t e t r a c h l o r i d e  was 
a l l o w e d  t o  d r i p  i n t o  a s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  
i n  c a r b o n  t e t r a c h l o r i d e  w i t h  c o n t i n u o u s  s t i r r i n g  f o r  a b o u t  24 h o u r s .
At t h e  e n d  o f  r e a c t i o n ,  d e c o l o r i z a t i o n  o f  s o l u t i o n  had  n o t  t a k e n  p l a c e .
The s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  and  u n r e a c t e d  m e t h y l  4 , 5 - i m i d a ­
z o l e d i c a r b o x y l a t e  (XVII)  was  r e c o v e r e d .
A s i m i l a r  a t t e m p t  was  made t o  b r o m i n a t e  m e t h y l  4 , 5 - i m i d a z o l e d i ­
c a r b o x y l a t e  w i t h  N - b r o m o s u c c i n i m i d e  i n  c h l o r o f o r m .  A f t e r  t h e  r e a c t i o n  
m i x t u r e  was  w o rk e d  u p ,  o n l y  s t a r t i n g  m a t e r i a l  was a g a i n  r e c o v e r e d .
The N - s o d i u m  s a l t  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  was p r e ­
p a r e d  b y  r e a c t i o n  w i t h  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (X V II)  and  
s o d i u m  m e t h o x i d e .  Brom ine  was a l l o w e d  t o  r e a c t  w i t h  N - s o d i u m  s a l t  o f  
m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  ( X X I I I ) .  At t h e  e n d  o f  t h e  r e a c t i o n ,  
u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (XVII)  was  r e c o v e r e d .
H 3 GO-0 -J-  \  NaOMe
HaCO-q .  N 
0
Br
X X II I
A s i m i l a r  r e a c t i o n  was  c a r r i e d  o u t  b y  t r e a t i n g  t h e  s i l v e r  c o m p le x  
o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (XXIV) w i t h  b r o m i n e  i n  g l a c i a l  
a c e t i c  a c i d .  The s i l v e r  co m p le x  fo rm e d  b y  r e a c t i o n  w i t h  m e t h y l  4 , 5 -
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i m l d a z o l e d i c a r b o x y l a t e  and  s i l v e r  a c e t a t e  I n  g l a c i a l  a c e t i c  a c i d ,  e v e n  
t h o u g h  no  p r e c i p i t a t e  f o r m e d .  At t h e  end  o f  t h e  r e a c t i o n ,  u n r e a c t e d  












B r o m i n a t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (X V II)  i n  a q u e o u s  
s o d iu m  c a r b o n a t e  was  a l s o  c a r r i e d  o u t .  B rom ine  i n  w a t e r  was  a l l o w e d  t o  
d r i p  i n t o  an  i c e  c o l d  s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  
(XVII)  i n  a q u e o u s  s o d iu m  c a r b o n a t e .  At t h e  end  o f  t h e  r e a c t i o n ,  t h e  
s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The s u b l i m a ­
t i o n  p r o d u c t  showed a c h a n g e  i n  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  
f ro m  t h a t  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e . T h i s  s p e c t r u m  i n d i c a t e d  
t h a t  2 - b r o m o - 4 , 5  d i m e t h y l i m i d a z o l e d i c a r b o x y l a t e  h a d  b e e n  f o r m e d ,  b u t  a t  
t h i s  t i m e  i t  was n o t  i s o l a t e d .
The ab o v e  m e n t i o n e d  m e thod  was  d i s c a r d e d  b e c a u s e  o f  t h e  d i f f i c u l t i e s  
i n  c r y s t a l l i z a t i o n  a n d  t h e  p o s s i b i l i t y  o f  h y d r o l y s i s  o f  m e t h y l  4 , 5 - i m i d a ­
z o l e d i c a r b o x y l a t e .  B r o m i n a t i o n  was s u c c e s s f u l l y  c a r r i e d  o u t  i n  a n  i c e  
c o l d  s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  (XVII )  i n  a q u e o u s  
s o d i u m  b i c a r b o n a t e .  A f t e r  t h e  r e a c t i o n  m i x t u r e  was  w orked  u p ,  2 - b r o m o -
4 , 5 - d i m e t h y l i m i d a z o l e d i c a r b o x y l a t e  (XXI) was c r y s t a l l i z e d  f ro m  b e n z e n e .  
The u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  showed maximum a t  260 mu.
An a t t e m p t  was  made t o  e l i m i n a t e  c a r b m e t h o x y  g r o u p  by  h y d r o l y s i s  
a n d  s i m u l t a n e o u s  d e c a r b o x y l a t i o n  i n  a c i d  m e d i a .  2 - B r o m o - 4 , 5 - d i m e t h y l -












-H +  HgO
I n t e r  o r
I n t r a m o l e c u l a r
R e a r r a n g e m e n t
N uC O -0
i m i d a z o l e d i c a r b o x y l a t e  was  r e f l u x e d  i n  h y d r o b r o m i c  a c i d  f o r  a b o u t  24 
h o u r s .  At t h e  end  o f  t h e  r e a c t i o n ,  2 - b r o m o - 4 , 5 - d i m e t h y l i m i d a z o l e d i c a r ­
b o x y l a t e  was  r e c o v e r e d .  T h i s  i n d i c a t e s  t h a t  2 - b r o m o - 4 , 5 - d i m e t h y l ­
i m i d a z o l e d i c a r b o x y l a t e  i s  f a i r l y  r e s i s t a n t  t o  h y d r o l y s i s .
H y d r o l y s i s  o f  2 - b r o m o - 4 , 5 - d i m e t h y l i m i d a z o l e d i c a r b o x y l a t e  was a l s o  
a t t e m p t e d  i n  s o d iu m  h y d r o x i d e .  At t h e  end  o f  t h e  r e a c t i o n ,  2 - b r o m o - 4 , 5 -  
d i m e t h y l i m i d a z o l e d i c a r b o x y l a t e  was  a g a i n  r e c o v e r e d .
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A m i n a t i o n
2 - A t n i n o i m i d a z o l e  (XXV) h a s  b e e n  s y n t h e s i z e d  b y  F a r g h e r  and  Pyman 












+  C l -
XXV
2 - £ - B r o m o p h e n y l a z o i m i d a z o l e  (XXVI) was p r e p a r e d  b y  t h e  r e a c t i o n  o f  
£ - b r o m o b e n z e n e d i a z o n i u r a  c h l o r i d e  and  i m i d a z o l e  i n  a q u e o u s  so d iu m  c a r ­
b o n a t e .  2 - £ - B r o m o b e n z e n e a z o i m l d a z o l e  was r e d u c e d  w i t h  s t a n n o u s  c h l o r i d e  
i n  h y d r o c h l o r i c  a c i d  t o  o b t a i n  2 - a m i n o i m i d a z o l e  h y d r o c h l o r i d e .
An i n v e s t i g a t i o n  was  c a r r i e d  o u t  u s i n g  a m o d i f i c a t i o n  o f  t h e  F a r g h e r
and  Pyman s y n t h e s i s  o f  2 - a m i n o i m i d a z o l e  (XXV).
H
/ /  \  H z /Pd
u  N - N  '
XXVI
XXV
I n s t e a d  o f  r e d u c i n g  2 - £ - b r o m o p h e n y l a z o i m i d a z o l e  (XXVI) w i t h  s t a n n o u s  
c h l o r i d e  i n  h y d r o c h l o r i c  a c i d ,  t h e  r e d u c t i o n  was e f f e c t e d  by  h y d r o g e n o l y -  
s i s  w i t h  H ^/Pd  i n  DMF w i t h  a c e t i c  a c i d .  A f t e r  t h e  r e a c t i o n  m i x t u r e  was 
w o rk e d  u p ,  a n  u n i d e n t i f i e d  c r y s t a l l i n e  p r o d u c t ,  m .p .  245°  ( d e c o m p o s e d ) ,  
was  o b t a i n e d  w h i c h  t u r n e d  brown on e x p o s u r e  t o  a i r .  T h i s  compound d i d  
n o t  a p p e a r  t o  be  a HCl s a l t  e v e n  t h o u g h  i t  was s o l u b l e  i n  w a t e r .  The 
u l t r a v i o l e t  s p e c t r u m  maximum a t  234 mu was o n l y  10 mu l o w e r  t h a n  t h e
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maximum o f  2 - a c e t y l a m i n o i m i d a z o l e . The p o s s i b i l i t y  t h a t  t h e  compound 
was  2 - a c e t y l a m i n o i m i d a z o l e  was  e l i m i n a t e d  due t o  t h e  m e l t i n g  p o i n t  and
2 0o t h e r  p r o p e r t i e s ,  w h i c h  d i d  n o t  c o i n c i d e  w i t h  t h o s e  i n  t h e  l i t e r a t u r e .
21P r e v i o u s  i n v e s t i g a t o r s  w e re  a b l e  t o  o b t a i n  2 - a m i n o t h i a z o l e  by  
r e d u c i n g  b e n z e n e a z o t h i a z o l e  (XXVII) w i t h  p h e n y l h y d r a z i n e . B e n z e n e a z o -  
t h i a z o l e  c o u l d  be  c o n s i d e r e d  a s  a c l o s e  a n a l o g y  t o  2 - £ - b r o m o p h e n y l a z o i m i -  









A t t e m p t s  t o  s e p a r a t e  2 - a m i n o i m i d a z o l e  f ro m  t h e  f i n a l  r e a c t i o n
Vi*
m i x t u r e  w e re  f o u n d  t o  be  e x t r e m e l y  d i f f i c u l t  p r o c e s s e s .
A l e x a n d e r  Lawson was a b l e  t o  p r e p a r e  2 - a m i n o i m i d a z o l e  by  t h e  
a c t i o n  o f  c y a n a m id e  on  % - a m i n o - a c e t a l s ,  f o l l o w e d  by  h y d r o l y s i s  and 
r i n g  c l o s u r e .
OEt 
E to -à —
H
OEt
H N-CH - 6 -H +  H N-C=N
2  2  ÔEt 2




*The  a u t h o r  e x p r e s s e s  h i s  g r a t i t u d e  t o  Mr.  S t e v e  Oke,  P ha rm ac y  s t u d e n t  
a t  t h e  U n i v e r s i t y  o f  M o n ta n a ,  f o r  a t t e m p t i n g  t o  s y n t h e s i z e  and i s o l a t e  
2 - a m i n o i  i d a z o l e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 5
E v e n t u a l l y ,  2 - a m i n o i m i d a z o l e  was p r e p a r e d  i n  t h i s  l a b o r a t o r y  b y  t h e  
a b o v e  m e n t i o n e d  m e th o d .
1  o
U n d e r  u n u s u a l  e x p e r i m e n t a l  c o n d i t i o n s  Beaman and  h i s  c o w o r k e r s  
w e r e  a b l e  t o  o b t a i n  2 - n i t r o i m i d a z o l e ,  A zom ycin ,  ( V I I )  f r o m  2 - a m i n o i m i d a ­
z o l e  (XXV). 2 - N i t r o i m i d a z o l e  was o b t a i n e d  by d i s s o l v i n g  2 - a m i n o i m i d a z o l e  
s u l f a t e ,  s o d iu m  n i t r i t e  and  c u p r i c  s u l f a t e  p e n t a h y d r a t e  i s  a l a r g e  
v o lu m e  o f  d i s t i l l e d  w a t e r  and  a l l o w i n g  t h e  s o l u t i o n  t o  s e t  a t  room 
t e m p e r a t u r e  f o r  16 h o u r s ,  2 - N i t r o i m i d a z o l e  was e x t r a c t e d  w i t h  e t h y l  
a c e t a t e  a f t e r  t h e  pH o f  t h e  r e a c t i o n  m i x t u r e  was  a d j u s t e d  t o  2 w i t h  n i ­
t r i c  a c i d .
An a t t e m p t  was  made t o  p r e p a r e  2 - b r o . l o : 'm i d a z o l e  f ro m  2 - a m i n o i m i d a ­
z o l e  by  t h e  S andm eyer  r e a c t i o n ,  u s i n g  e x p e r i m e n t a l  c o n d i t i o n s  s i m i l a r  
t o  t h o s e  u s e d  i n  t h e  p r e p a r a t i o n  o f  2 - n i t r o i m i d a z o l e  f ro m  2 - a m i n o i m i ­
d a z o l e .  2 - B r o m o i m i d a z o l e  c o u l d  n o t  b e  i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x ­
t u r e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 6
EXPERIl'ÎENTAL
A t t e m p t e d  p r e p a r a t i o n  o f  m e t h y l  4 , 5 - I m i d a z o l e d i c a r b o x y l a t e
1 .  A c id  C h l o r i d e  Method
O x a l y l  c h l o r i d e  (50  Gm,,  0 . 4 0  m o le )  was  a l l o w e d  t o  d r i p  s l o w l y  
i n t o  a s u s p e n s i o n  o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  (31  Cm.,  0 . 2 0  m o le )  
i n  250 m l .  e t h e r  w i t h  c o n t i n u o u s  s t i r r i n g  f o r  a b o u t  a n  h o u r .  A f t e r  t h e  
e x c e s s  o f  o x a l y l  c h l o r i d e  was rem oved  a z e o t r o p i c a l l y  by  t h e  a d d i t i o n  o f  
e t h e r  and  b e n z e n e ,  m e t h a n o l  was  ad d e d  t o  t h e  r e a c t i o n  m i x t u r e .  The 
r e a c t i o n  m i x t u r e  s t i r r e d  c o n t i n u o u s l y  f o r  a b o u t  18 h o u r s .  The s o l v e n t  
was  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  u n r e a c t e d  4 , 5 - i m i d a z o l e ­
d i c a r b o x y l i c  a c i d  m .p .  2 8 8 ° .
2 .  D i a z o m e t h a n e  Method
D ia z o m e th a n e  ( 5 . 8  Cm.,  0 . 1 3 8  m o l e )  was  a l l o w e d  t o  p a s s  i n t o  a 
s o l u t i o n  o f  4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  (10  Gm., 0 . 0 6 4  m o le )  i n  500  m l .  
f o r m a m i d e .  A f t e r  a l l  t h e  d i a z o m e t h a n e  was a d d e d ,  t h e  r e a c t i o n  m i x t u r e  
was  s t i r r e d  v i g o r o u s l y  f o r  a b o u t  a n  h o u r .  At t h e  end  o f  t h e  r e a c t i o n  
p e r i o d ,  t h e  s o l u t i o n  was  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  
U n d e r  t h e s e  c o n d i t i o n s  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  was n o t  
i s o l a t e d .
3 .  Dry  H y d ro g e n  C h l o r i d e  Method
H y d ro g e n  C h l o r i d e  g a s  was  g e n e r a t e d  by  d r i p p i n g  c o n c .  HCl i n t o  c o n c .  
s u l f u r i c  a c i d  a n d  was  d r i e d  b y  p a s s i n g  t h e  g e n e r a t e d  HCl g a s  t h r o u g h  
c o n c .  s u l f u r i c  a c i d .  The d r i e d  HCl g a s  was a l l o w e d  t o  p a s s  i n t o  a  s u s ­
p e n s i o n  oJ 4 , 5 - i m i d a z o l e d i c a r b o x y l i c  a c i d  ( 1 5 . 6  Cm.,  0 . 1 0  m o le )  i n  
b o i l i n g  m e t h a n o l  f o r  a b o u t  t h r e e  h o u r s .  A t  t h e  e n d  o f  - e  r e a c t i o n
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p e r i o d ,  t h e  s o l u t i o n  was  c o n c e n t r a t e d  t o  30 m l . u n d e r  r e d u c e d  p r e s s u r e  
a n d  p o u r e d  i n t o  a q u e o u s  s o d iu m  c a r b o n a t e  s o l u t i o n .  The s o l i d  w h ic h  
s e p a r a t e d  was c o l l e c t e d  and  r e c r y s t a l l i z e d  f ro m  w a t e r  t o  g i v e  m e t h y l
4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  m . p .  20 3 °  a s  n e e d l e s  43 .5% y i e l d  ( 8  G m .) .  
j ^ L i t .  ( 1 4 )  m . p .  2 0 0 ° - 2 0 3 ° .  ]
B r o m i n a t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e
4 .  C h l o r o f o r m  M ethod
A c h l o r o f o r m  s o l u t i o n  o f  b r o m i n e  ( 0 . 3 5  Cm.,  0 . 0 0 2 2  m o le )  was  
a l l o w e d  t o  d r i p  v e r y  s l o w l y  i n t o  a s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e ­
d i c a r b o x y l a t e  ( 1 . 0  Gm., 0 . 0 0 5 4  m o le )  i n  200 m l .  c h l o r o f o r m  t h a t  was 
c o o l e d  i n  a n  i c e  b a t h .  At t h e  end  o f  t h e  r e a c t i o n ,  t h e  u n r e a c t e d  
b r o m i n e  and  c h l o r o f o r m  w e re  rem oved  by  r e d u c e d  p r e s s u r e .  The r e a c t i o n  
m i x t u r e  was d i s s o l v e d  i n  w a t e r  and  a q u e o u s  s o d iu m  c a r b o n a t e  was  ad d e d  
s o  t h a t  i t  r e m a i n e d  j u s t  a c i d  t o  m e t h y l  o r a n g e .  N o t h i n g  c r y s t a l l i z e d  
a t  t h i s  pH s o  t h a t  t h e  r e a c t i o n  m i x t u r e  was t r e a t e d  w i t h  e x c e s s  o f  
a q u e o u s  s o d iu m  c a r b o n a t e  t o  s a l t  o u t  u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e d i ­
c a r b o x y l a t e  m .p .  2 0 3 ° ,  w h ic h  e x h i b i t e d  u l t r a v i o l e t  maximum a t  255 mu,
5 .  N - B r o m o s u c c i n i m i d e  i n  C a r b o n  T e t r a c h l o r i d e  Method
N - B r o m o s u c c i n i m i d e  ( 0 . 2 9  Cm.,  0 . 0 0 1 5  m o l e )  i n  50 m l .  c a r b o n  t e t r a ­
c h l o r i d e  was  a l l o w e d  t o  d r i p  s l o w l y  i n t o  a s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m ­
i d a z o l e d i c a r b o x y l a t e  ( 0 . 3 0  Cm.,  0 . 0 0 1 6  m o l e )  i n  200 m l .  c a r b o n  t e t r a c h l o ­
r i d e  w i t h  s t i r r i n g  o v e r  a  p e r i o d  o f  3 h o u r s .  At t h e  end o f  t h e  r e a c t i o n ,  
t h e  s o l u t i o n  was  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The 
r e s i d u e  f r o m  t h e  r e a c t i o n  p r o d u c t  was  e x t r a c t e d  w i t h  b o i l i n g  e t h a n o l  
t o  g i v e  a s m a l l  q u a n t i t y  o f  u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e .
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I t  e x h i b i t e d  a n  u l t r a v i o l e t  maximum a t  255 m u . , t h e  same a s  m e t h y l  
4 , 5 - i m i d a z o l e d i c a r b o x y l a t e .
6 . N - B r o m o s u c c i n i m i d e  i n  C h l o r o f o r m  Method
N - B r o m o s u c c i n i m i d e  ( 0 . 2 9  Gm., 0 . 0 0 1 6  m o le )  i n  50 m l ,  c h l o r o f o r m  
was a l l o w e d  t o  d r i p  s l o w l y  i n t o  a s u s p e n s i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i ­
c a r b o x y l a t e  ( 0 . 3 0  Gm., 0 . 0 0 1 6  m o le )  i n  200 m l .  c h l o r o f o r m  w i t h  s t i r r i n g  
o v e r  a  p e r i o d  o f  3 h o u r s .  At t h e  end  o f  t h e  r e a c t i o n ,  t h e  s o l u t i o n  was 
e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  A f t e r  t h e  r e a c t i o n  m ix ­
t u r e  was e x t r a c t e d  w i t h  b o i l i n g  e t h a n o l ,  i t  g a v e  a s m a l l  q u a n t i t y  o f  
u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  a s  e v i d e n c e d  b y  a n  u l t r a v i o l e t  
maximum a t  255 mu.
7 . Sod ium  M e t h o x i d e  M ethod
A s o l u t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  ( 0 . 5  Gm., 0 . 0 0 2 7  
m o l e )  i n  1 0 0  m l .  m e t h a n o l  was m ixed  w i t h  a s u s p e n s i o n  o f  so d iu m  m e t h ­
o x i d e  ( 0 . 3 2  Gm., 0 . 0 0 5 9  m o l e )  i n  50 m l .  m e t h a n o l .  The m e t h a n o l  was  
rem o v e d  a z e o t r o p i c a l l y  a f t e r  t h e  a d d i t i o n  o f  c a r b o n  t e t r a c h l o r i d e .
B rom ine  ( 0 . 2 2  Gm., 0 . 0 0 1 4  m o l e )  i n  50 m l .  c a r b o n  t e t r a c h l o r i d e  was 
a l l o w e d  t o  d r i p  s l o w l y  i n t o  t h e  N - S o d i o  s a l t  o f  m e t h y l  4 , 5 - i m i d a z o l e d i ­
c a r b o x y l a t e  i n  c a r b o n t e t r a c h l o r i d e  w i t h  c o n t i n u o u s  s t i r r i n g .  Bromine  
was  a d d e d  f o r  a p e r i o d  o f  s i x  h o u r s  a n d  s t i r r e d  f o r  an  a d d i t i o n a l  t h r e e  
h o u r s .  A t  t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  s o l u t i o n  was  e v a p o r a t e d  t o  
d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was e x t r a c t e d  w i t h  e t h a n o l  
and  t h e  a l c o h o l i c  e x t r a c t  was e v a p o r a t e d  t o  d r y n e s s ,  t h e n  t h i s  r e s i d u e  
was  e x t r a c t e d  w i t h  a c e t o n e .  An a c e t o n e  s o l u b l e  s u b s t a n c e  i n  t h i s  r e s i ­
due  m e l t e d  a t  19 0 °  a n d  e x h i b i t e d  a n  u l t r a v i o l e t  maximum a t  255 mu. t h e  
same a s  t h a t  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e ,
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8 . S i l v e r  A c e t a t e  Method
A s o l u t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  ( 0 . 5  Gm., 0 . 0 0 2 7  
m o l e )  i n  1 0 0  m l .  g l a c i a l  a c e t i c  a c i d  was  mixed  w i t h  a s o l u t i o n  o f  s i l ­
v e r  a c e t a t e  ( 0 . 4 5  Gm., 0 . 0 0 2 7  m o le )  i n  50 m l .  g l a c i a l  a c e t i c  a c i d .
B ro m in e  ( 0 . 2 2  Gm., 0 . 0 0 1 4  m o l e )  i n  50 m l .  g l a c i a l  a c e t i c  a c i d  was  
a l l o w e d  t o  d r i p  s l o w l y  i n t o  t h e  s i l v e r  co m p le x  i n  g l a c i a l  a c e t i c  a c i d  
w i t h  s t i r r i n g  o v e r  a p e r i o d  o f  3 h o u r s .  At t h e  end  o f  t h e  r e a c t i o n ,  
t h e  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The 
r e s i d u e  was  e x t r a c t e d  w i t h  e t h a n o l ,  a n d  t h e  a l c o h o l i c  e x t r a c t  e v a p o r a t e d  
t o  d r y n e s s ,  and  t h e n  t h i s  r e s i d u e  was  e x t r a c t e d  w i t h  a c e t o n e .  The 
a c e t o n e - s o l u b l e  s u b s t a n c e  was f o u n d  t o  b e  u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e ­
d i c a r b o x y l a t e ,  m . p ,  1 9 7 ° ,  w h i c h  e x h i b i t e d  u l t r a v i o l e t  maximum a t  255 mu.
9 .  G l a c i a l  A c e t i c  A c id  M ethod
B rom ine  ( 0 . 2 2  Gm., 0 . 0 0 1 4  m o l e )  i n  50 m l .  g l a c i a l  a c e t i c  a c i d  was 
a l l o w e d  t o  d r i p  s l o w l y  i n t o  a s o l u t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r ­
b o x y l a t e  ( 0 . 5  Gm., 0 . 0 0 2 7  m o le )  i n  100 m l .  g l a c i a l  a c e t i c  a c i d  w i t h  
c o n t i n u o u s  s t i r r i n g  f o r  a b o u t  3 h o u r s .  At t h e  end  o f  t h e  r e a c t i o n ,  
t h e  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s .  To' r em ove  a n y  r e m a i n i n g  a c e t i c  
a c i d ,  w a t e r  was a d d e d  and  t h e  m i x t u r e  was  a g a i n  e v a p o r a t e d  t o  d r y n e s s  
u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was r e c r y s t a l l i z e d  f ro m  w a t e r  
g i v i n g  a s m a l l  q u a n t i t y  o f  u n r e a c t e d  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y l a t e  
w h i c h  e x h i b i t e d  u l t r a v i o l e t  maximum a t  255 mu. The s u p e r n a t a n t  l i q u i d  
was  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  and  t h e  r e s i d u e  was e x t r a c t e d  w i t h  
a c e t o n e  t o  g i v e  and  u n i d e n t i f i e d  b row n s u b s t a n c e  w h ic h  m e l t e d  b e t w e e n  
1 6 0 °  a n d  2 2 5 °  mu.
1 0 .  Sod ium  C a r b o n a t e  Method
B ro m in e  ( 0 . 4 4  Gm., 0 . 0 0 2 8  m o le )  i n  50 m l .  w-.Lcl was  a l l o w e d  t o
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d r i p  s l o w l y  i n t o  a n  i c e  c o l d  s o l u t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y ­
l a t e  ( 1 . 0  Gm., 0 . 0 0 5 4  m o l e )  i n  350 m l .  o f  an  a q u e o u s  s o l u t i o n  o f  s o d iu m  
c a r b o n a t e  ( 0 . 9 4  Gm., 0 . 0 0 8 8  m o l e ) .  The r e a c t i o n  m i x t u r e  was a l l o w e d  t o  
s t i r  c o n t i n u o u s l y  f o r  a b o u t  3 h o u r s .  A t  t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  
s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  A f t e r  t h e  
r e s i d u e  was  e x t r a c t e d  w i t h  e t h a n o l ,  t h e  a l c o h o l  was  e v a p o r a t e d  t o  d r y n e s s .  
The r e s i d u e  was s u b l i m e d  a t  160°  u n d e r  20 mm. p r e s s u r e .  The s u b l i m a t e  
was a  w h i t e  gummy s u b s t a n c e  w h ic h  e x h i b i t e d  a n  u l t r a v i o l e t  maximum a t  
260 mu.
1 1 .  Sodium B i c a r b o n a t e  Method
B rom ine  ( 2 , 5  Gm,, 0 . 0 1 5  m o le )  i n  50 m l .  w a t e r  s o l u t i o n  was  a l l o w e d  
t o  d r i p  s l o w l y  i n t o  an  i c e  c o l d  s o l u t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y -  
l a t e  (5 . '75  Gm., 0 . 0 3 1  m o le )  i n  350  m l .  o f  a q u e o u s  s o d i u m  b i c a r b o n a t e  
( 5 . 2  Gm., 0 . 0 0 6 2  m o l e ) .  The r e a c t i o n  m i x t u r e  was  a l l o w e d  t o  s t i r  c o n ­
t i n u o u s l y ,  and  a d d i t i o n a l  b r o m i n e  was  a d d e d  u n t i l  t h e  c o l o r  o f  t h e  
s o l u t i o n  r e m a i n e d  p a l e  s t r a w  c o l o r .  At t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  
s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d ' p r e s s u r e . The r e ­
a c t i o n  m i x t u r e  was  e x t r a c t e d  w i t h  t h r e e  50 m l .  p o r t i o n  o f  a b s o l u t e  
e t h a n o l .  B e n ze n e  was  a d d e d  t o  t h i s  a l c o h o l i c  e x t r a c t  i n  o r d e r  t o  
a z e o t r o p e  a n y  t r a c e s  o f  w a t e r  and  t h e  s o l u t i o n  was e v a p o r a t e d  t o  
d r y n e s s .  The r e s i d u e  was e x t r a c t e d  w i t h  c h l o r o L u r m  w h ic h  was e v a ­
p o r a t e d  t o  d r y n e s s  t o  y i e l d  a y e l l o w  o i l .  T h i s  y e l l o w  o i l  c r y s t a l l i z e d  
f r o m  a  minimum q u a n t i t y  o f  b e n z e n e  t o  g i v e  a  50% y i e l d  (4 Cm.) o f  
2 - b r o m o - 4 , 5 - d i m e t h y l i m i d a z o l e d i c a r b o x y l a t e  m . p .  137°  w h ic h  showed 
u l t r a v i o l e t  maximum a t  260 mu.
A n a l ,  c a l c ' d  f o r  CyH^N2 0 ^ B r ;  C , 3 1 . 8 2 ;  V '̂  6 5 ;  N , 1 0 . 6 0 ;  B r , 3 0 . 2 9 .  
F o u n d ;  0 , 3 2 . 5 9 ;  H , 2 . 6 9 ;  N , 1 1 . 0 2 ;  i i r , 2 7 . 8 8 .
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H y d r o l y s i s  and  D e c a r b o x y l a t i o n  o f  2 - B r o L r o - 4 , 5 - c i m e t ’n y l l m i d a z o l e d i c a r -  
b o x y l a t e
1 2 .  H y d r o b r o m ic  Acid  Method
2 - B r o m o - 4 , 5 - d i m e t h y l i m i d a z o l e d i c a r b o x y l a t e  ( 0 . 5  Gm., 0 . 0 0 1 9  m o le )  
was  a l l o w e d  t o  r e f l u x  i n  50 m l ,  48% h y d r o b r o m i c  a c i d  f o r  24 h o u r s .  At 
t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  s o l u t i o n  was  e v a p o r a t e d  t o  d r y n e s s  and  t h e  
r e a c t i o n  m i x t u r e  was  d i s s o l v e d  i n  a l i m i t e d  q u a n t i t y  o f  w a t e r  and  made 
s l i g h t l y  b a s i c  w i t h  a q u e o u s  s o d iu m  b i c a r b o n a t e .  The s o l u t i o n  was 
e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  and  t h e  r e s i d u e  was e x ­
t r a c t e d  w i t h  e t h a n o l .  The e t h a n o l  was  e v a p o r a t e d  t o  d r y n e s s  and  t h i s  
r e s i d u e  was  d i s s o l v e d  i n  a minimum q u a n t i t y  o f  w a t e r  i n  an  a t t e m p t  t o  
c r y s t a l l i z e  2 - b r o m o i m i d a z o l e .  2 - B r o m o i m i d a z o l e  d i d  n o t  c r y s t a l l i z e  
o u t  o f  t h e  a q u e o u s  s o l u t i o n .  The a q u e o u s  s o l u t i o n  was e v a p o r a t e d  t o  
d r y n e s s  and  t h e  r e s i d u e  was  e x t r a c t e d  w i t h  c h l o r o f o r m .  The c h l o r o f o r m  
e x t r a c t  was  e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  was  c r y s t a l l i z e d  
f r o m  b e n z e n e  t o  y i e l d  a s m a l l  q u a n t i t y  o f  u n r e a c t e d  2 - b r o r a o - 4 , 5 - d i m e t h y l -  
i m i d a z o l e d i c a r b o x y l a t e  m . p .  136°.
13. Sod ium  H y d r o x i d e  Method
2-Bromo-4,5-dimethylimidazoledicarboxylate (0.5 Gm., 0.0019 mole) 
was dissolved in aqueous sodium hydroxide (0.076 Gm., 0.0019 mole).
The s o l u t i o n  was h e a t e d  t o  r e f l u x  f o r  a b o u t  24 h o u r s .  At t h e  e n d  o f  
t h e  r e a c t i o n ,  t h e  s o l u t i o n  was  a c i d i f i e d  w i t h  p h o s p h o r i c  a c i d  t o  pH 1 .
T he  s o l u t i o n  was  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  and  
e x t r a c t e d  w i t h  a  minimum q u a n t i t y  o f  e t h a n o l .  The a l c o h o l i c  e x t r a c t  
g a v e  a y e l l o w  o i l  w h i c h  was  r e c r y s t a l l i z e d  f ro m  b e n z e n e  t o  g i v e  u n r e a c t e d  
2 - b r o m o - 4 , 5 - d i m o t h y l i m i d a z o l e d i c a r b o x y j a t e  m . p .  137°.
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1 4 .  R e d u c t i o n  o f  P h o n y l a z o i m i d a z o l e
2 - £ ^ - B r o m o p h e n y l a z o i m i d a z o l e  (15 Cm., 0 . 0 5 9  m o le )  was d i s s o l v e d  i n
500 m l . DMF and t h e  s o l u t i o n  was  h y d r o g e n o l y z e d  w i t h  h y d r o g e n  i n  t h e  
p r e s e n c e  o f  5% Pd o n  c h a r c o a l .  A few d r o p s  o f  a c e t i c  a c i d  was ad d e d  t o  
p r e v e n t  p o i s o n i n g  o f  t h e  c a t a l y s t .  H y d ro g en  g a s  was p a s s e d  i n t o  t h e  
s o l u t i o n  u n t i l  t h e  c o l o r  o f  t h e  s o l u t i o n  c h a n g e d  f ro m  y e l l o w  t o  c o l o r l e s s  
an  i n d i c a t i o n  t h a t  t h e  r e a c t i o n  was c o m p l e t e d .  The s o l u t i o n  was  e v a ­
p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  was t r e a t e d  
w i t h  c o n c e n t r a t e d  HCl ( 2 . 1  Gm., 0 . 0 5 9  m o le )  i n  a n  a t t e m p t  t o  o b t a i n  
2 - a m i n o i m i d a z o l e . H C l . T h i s  r e s i d u e  i n  t u r n  was  e x t r a c t e d  w i t h  e t h y l  
a l c o h o l .  The a l c o h o l i c  e x t r a c t  was  e v a p o r a t e d  t o  d r y n e s s  and t h e  r e s i ­
due  was  r e c r y s t a l l i z e d  f r o m  a l c o h o l - e t h e r  g i v i n g  an  u n i d e n t i f i e d  c r y s t a l ­
l i n e  p r o d u c t .  I t  m e l t e d  a t  24 5 °  ( d e c o m p . )  and  showed u l t r a v i o l e t  
maximum a t  234 mu.
1 5 .  D i a z o t i z a t i o n  o f  2 - A m i n o i m i d a z o l e
2 - A m i n o i m i d a z o l e  ( 1 . 5  Gm., 0 . 0 1 3  m o l e ) ,  p o t a s s i u m  b r o m i d e  (30  Gm.,
0 . 2 5  m o l e )  and  c u p r o u s  b r o m i d e  (5 Gm., 0 . 0 3 5  m o le )  w e re  d i s s o l v e d  i n  
one l i t e r  o f  d i s t i l l e d  w a t e r .  The pH o f  t h e  s o l u t i o n  was  a d j u s t e d  t o  
5 . 5  by  a d d i t i o n  o f  a  few d r o p s  o f  48% HBr.  An a q u e o u s  s o l u t i o n  o f  
s o d iu m  n i t r i t e  (4 Gm., 0 . 0 5 8  m o l e )  was  a d d e d  t o  t h e  r e a c t i o n  m ix ­
t u r e .  The r e a c t i o n  m i x t u r e  was  s t i r r e d  f o r  a b o u t  24 h o u r s .  The 
a q u e o u s  s o l u t i o n  was  c o n c e n t r a t e d  t o  a b o u t  1 0 0  m l .  and  e x t r a c t e d  w i t h  
e t h e r  i n  a  c o n t i n u o u s  e x t r a c t o r  f o r  a b o u t  a w e e k .  The e t h e r  e x t r a c t  
d i d  n o t  g i v e  2 - b r o m o - i m i d a z o l e  and  t h e  i s o l a t i o n  o f  2 - b r o m o i m i d a z o l e  
f r o m  t h e  r e a c t i o n  m i x t u r e  c o u l d  n o t  b e  a c h i e v e d .
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2 - S u b s t i t u i : c d  i m i d a z o l e s
D i f f e r e n t  m e th o d s  f o r  t h e  p r > ' p a r a t i o n  o f  2 - s u b s t l t u t e d  i m i d a z o l e s  
w e r e  i n v e s t i g a t e d  t o  d e t e r m i n e  t h e  m e ch an is m s  o f  r e a c t i o n s  a t  t h e  2 -  
p o s i t i o n  o f  i m i d a z o l e .
S e v e r a l  a t t e m p t s  w e r e  made t o  s y n t h e s i z e  2 - b r o m o i m i d a z o l e .  I t  i s  
n o t  p o s s i b l e  t o  p r e p a r e  2 - b r o m o i m i d a z o l e  w i t h o u t  t h e  h e l p  o f  b l o c k i n g  
g r o u p s  a t  p o s i t i o n s  4 a n d  5 b e c a u s e  t h e  r a t e  o f  b r o m i n a t i o n  a t  p o s i t i o n s  
4 and  5 i s  e x t r e m e l y  f a s t .  B r o m i n a t i o n  o f  m e t h y l  4 , 5 - i m i d a z o l e d i c a r b o x y -  
I n t e  was  s u c c e s s f u l  i n  a q u e o u s  sodiu;!^ b i c a r b o n a t e .  D i f f e r e n t  m e th o d s  o f  
h y d r o l y s i s  and  d e c a r b o x y l a t i o n  o f  2 - b r o m o - 4 . 5 - d i m e t h y l i m i d a z o l e d i c a r -  
b o x y l a t e  w e re  u n s u c c e s s f u l l y  a t t e m p t e d .
An a t t e m p t  was made t o  o b t a i n  2 - b r o m o I m i d a z o l e  f ro m  2 - a m i n o i m i d a z o l e  
b y  t h e  S andm e ye r  r e a c t i o n ,  b u t  2 - b r o m o i m i d a z o l e  d i d  n o t  a p p e a r  t o  h a v e  
b e e n  f o r m e d .
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